We performed a systematic review and meta-analysis of the association between sexual risk factors and bacterial vaginosis (BV). Forty-three studies reported new or multiple sexual partners and condom use relative to prevalent, incident, or recurrent BV. The summary estimate of the relative risk for the association between BV new or multiple male partners was 1.6 (95% confidence interval, 1.5-1.8), between BV and any female partners was 2.0 (95% confidence interval, 1.7-2.3), and between BV and condom use was 0.8 (95% confidence interval, 0.8-0.9). This review is the first to summarize available observational data for BV. It shows that BV is significantly associated with sexual contact with new and multiple male and female partners and that decreasing the number of unprotected sexual encounters may reduce incident and recurrent infection. Investigation of sexual transmission of BV is limited by the absence of a clear microbiological etiology; however, we have shown that the epidemiological profile of BV is similar to that of established sexually transmitted infections.
Bacterial vaginosis (BV) is one of the most common genital infections among women of reproductive age [1, 2] , yet its precise etiology and whether it is sexually transmitted are unknown. BV is characterized by a disturbance of normal vaginal flora, with a loss of H 2 0 2 -producing Lactobacillus species and an increase in gram-variable coccobacilli, anerobic organisms, and genital mycoplasmas. Importantly, BV is associated with serious sequelae, such as chorioamnionitis, spontaneous abortion, preterm delivery, low birth weight, postpartum and postabortion endometritis [3] [4] [5] [6] , and increased susceptibility to HIV infection and other sexually transmitted infections (STIs) [7] [8] [9] . Current treatments result in unacceptably high recurrence rates [10, 11] .
Over the past 30 years, there has been considerable debate over whether BV is a sexually transmitted condition or is simply an ecological imbalance of vaginal microflora that can arise as a consequence of a range of activities or factors. If we are to make any improvement in the efficacy of current therapies and to have an impact on the adverse sequelae associated with BV, we need to establish whether the high rates of recurrence after treatment with current therapies represent inadequate treatment and disease persistence or reinfection from sexual partners.
In the absence of a clear etiological agent, epidemiological studies can assist in understanding the contribution of sexual activity to the development of BV and to recurrence after therapy. Risk factors associated with established STIs include a recent change of sexual partner, an increased number of sexual partners, young age at coitarche, a previous history of STIs, inconsistent condom use, barriers to accessing health services, and young age. We undertook a systematic review and metaanalysis of the published literature that investigated factors associated with BV, with the aim of evaluating the epidemiological evidence that may support or refute the hypothesis that BV is sexually transmitted.
METHODS
A Medline search of the published literature was conducted that covered the period from 1992 (when Medline introduced the search heading "bacterial vaginosis") through November 2007. Relevant articles published before 1992 that were cited in identified articles were also included.
Medline subject search terms included "bacterial vaginosis" and "vaginosis, bacterial," and Medline qualifying terms included "epidemiology," "transmission," and "prevention/control." The search headings "condoms," "sex partners," "incidence," and "recurrence" were also used in combination with the topic search word "bacterial vaginosis."
This search resulted in the retrieval of 1130 articles. Studies were reviewed for relevance to the sexual risk factors associated with BV. Studies were included if they were English language, the diagnosis of BV was made using the Amsel method or a Gram stain method (e.g., Nugent method), had at least 50 participants, and measured at least 1 of the following sexual risk factors: number of past sexual partners, recent change in or new sexual partner, and reported condom use. All study designs were included. Studies involving pregnant women and studies for which relative measures were not available (or raw data were not provided, if relative measures were not provided) were excluded. Cited references were also assessed for inclusion.
Available evidence was then prepared in figure form to summarize the key study findings. Table 1 outlines the potential generalizability of the findings and the important confounding factors that have been controlled for in multivariable analyses (i.e., douching, smoking, frequency of sex, race, and age). For the purpose of this review, we selected the following main epidemiological associations with sexual risk: number of recent and past sexual partners, recent change in sexual partner (often reported as new sexual partner), and condom use.
The relative measures displayed in figures 1-3 were selected using the following hierarchies: adjusted measures were used when available, and crude ORs were included in their absence. When multiple measures of sexual risk were provided, morerecent time intervals were selected (e.g., data on the number of partners within the previous 12 months was preferred over data on lifetime number of sexual partners), and "new sexual partner" was used, if available, in preference to "multiple sex partners." For treatment trials in which BV recurrence was the outcome, the additional risk factor of regular sexual partner was included, if reported, and was prioritized over new sexual partner. The reasoning behind this was that, in treatment trials, the probability that BV recurrence was due to a new partner was considered to be substantially less than the probability of "reinfection" from an existing partner.
A summary estimate was calculated for the association of each risk factor with BV. A fixed-effects meta-analysis was used to generate a pooled measure of association between the risk of BV and sexual risk. Heterogeneity between the individual measures of association that contributed to the analysis was assessed using a test statistic that has a x 2 distribution under the null hypothesis that the underlying effect size at the population level is the same across all studies. Publication bias was assessed by visual inspection of funnel plots that plotted the log of the effect size on the horizontal axis against the corresponding SE on the vertical axis. OpenEpi software, version 2.2.1 [54] , was used to recalculate ORs and 95% CIs, and Stata software, version 9 (StataCorp), was used in creating the figures and performing the meta-analysis.
was considered to P ! .05 be statistically significant.
RESULTS
Of the 1130 identified articles, 43 satisfied the inclusion criteria, as follows: 10 cohort incidence studies, 3 cohort treatment recurrence studies, 5 case-control studies, and 25 cross-sectional studies (table 1) .
Association between BV and male sexual partners. Twenty-eight studies fulfilled the inclusion criteria and reported numbers of male sexual partners and/or a recent change of male sexual partner (figure 1). Eight of these studies were cohort studies, and each of these 8 studies found an association between incident BV and increasing number of male sexual partners and/or a recent change of male partner (relative risk [RR] range, 1.3-2.5) [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Two studies were cohort treatment studies; 1 of these studies found a strong association between recurrent BV and remaining with a regular sex partner (RR, 3.1; 95% CI, 1.6-6.3), whereas the other study reported data only on having a new sexual partner and found no association with BV [10, 23] . Five studies were case-control studies, and 4 of these studies found a strong association between BV and increasing number of male sexual partners and/or a recent change of male partner (OR range, 1.6-3.8) [24] [25] [26] [27] [28] . Thirteen studies were cross-sectional studies, and 10 of these studies found evidence of an association between BV and increasing number of male sexual partners and/or a recent change of male partner (OR range, 1.3-5.4) .
There was a positive association between a history of male sexual partners and the risk of BV, with an estimated relative risk for association of 1.6 (95% CI, 1.5-1.8). There was strong evidence against the null hypothesis of homogeneity of effect size of BV risk associated with a history of male sexual partners ( ).
Association between BV and female sexual partners. Twelve studies reported data on sex with female partners in relation to BV and fulfilled the inclusion criteria (figure 2). One study was a cohort treatment study and found that BV recurrence was more likely if a woman reported having a female (see table 1 ) and 95% CIs (whiskers) The summary relative risk was 2.0 (95% CI, 1.7-2.3) and is indicated by the vertical dashed line.
sexual partner after treatment (RR, 3.6; 95% CI, 1.5-8.5) [10] . Two studies were case-control studies, and 1 of these studies found a strong association between prevalent BV and recent sex with a female partner (OR, 2.0; 95% CI, 1.3-3.3); the other study demonstrated a trend toward an association between BV and a history of female partners but did not reach statistical significance (OR, 2.0; 95% CI, 0.9-4.4) [24, 28] . Nine studies were cross-sectional studies, and 3 of these found a strong association between BV and having an increased number of female sexual partners (OR range, 2.2-3.5) [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . The other 6 studies were larger cross-sectional studies, and although they did not report data on the number of female sexual partners, they estimated large effect sizes for the association between BV and a history of any female sexual partner (OR range, 1.7-5.9) [40, 52, [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] . The estimated relative risk of 2.0 (95% CI, 1.7-2.3) showed a positive association between a history of female sexual partners and risk of BV. There was no evidence against the null hypothesis of homogeneity in effect sizes across studies contributing data to the overall estimate of risk of BV associated with a history of female sexual partners ( ). P p .18 Association between BV and condom use. Twenty studies fulfilled the inclusion criteria and reported data on condom use ( figure 3) . Measurement of condom use varied considerably across the studies and is reported for each study in table 1. Eight cohort studies, including 3 treatment trials, were included, and 5 of these studies found evidence of a reduction in the risk of incident or recurrent BV associated with the use of condoms (RR range, 0.2-0.9) [10, 15, 18, 21, 23, [16] [17] [18] [19] [20] [21] [22] . Three studies were case-control studies, and 1 of these studies found a strong negative (i.e., risk-reducing) association between BV and the use of condoms (OR, 0.5; 95% CI, 0.3-0.7) [24, 26, 28] . Nine studies were cross-sectional studies, and 5 of these studies found evidence of a negative association between BV and the use of condoms (OR, 0.3-0.6) [31, 33, 34, 45, 49, .
The estimated relative risk of 0.8 (95% CI, 0.8-0.9) showed that condom use was protective against BV. There was evidence against the null hypothesis of homogeneity of effect size across studies contributing data to the overall estimate of risk of BV associated with condom use ( ). P ! .01 Publication bias. Funnel plots showing the log of the effect size against the corresponding SE were constructed (figures 4-6). The plots for studies that report data on male and female sexual partners suggest that there is some publication bias against small studies that report smaller effect sizes. The funnel plot for studies that report data on condom use suggests that there is some publication bias against small studies that report positive associations. 
DISCUSSION
This systematic review and meta-analysis indicate that prevalent and incident BV is consistently associated with new or multiple male and female sexual partners and lack of condom use. Investigation of the sexual transmission of BV is limited by the absence of a clear microbiological etiology; however, we have shown that the epidemiological profile of BV is similar to that of established STIs. To our knowledge, this is the first systematic review and meta-analysis of the sexual risk factors associated with BV.
There are a number of factors that must be considered when interpreting these findings. There was evidence of heterogeneity of effect size across the studies, particularly for the exposures of male partners and condom use. This is to be expected because of the large variability in the studies, particularly with respect to study design, study population, and exposure definition. The measurements of the key exposure variables in this meta-analysis were not always consistent. The most pertinent example was the measurement of condom use, for which the definition of reported condom use (e.g., 100% condom use, consistent condom use) and time periods varied considerably across studies. Strong evidence against the null hypothesis of homogeneity suggests that there is a distribution of effect sizes across the target populations covered by the studies that contributed data to this analysis. The pooled estimate of the effect sizes, then, represents the mean of the varying effect size across all populations. The funnel plots also demonstrated asymmetry of the scatter at the top of the vertical axis, which suggests that studies with small estimated effect sizes and large SEs (as the result of a small sample size) were withheld from publication. We acknowledge these inherent difficulties, but we would argue that this is unavoidable with a meta-analysis of observational studies and that the combined data consistently indicates that BV is associated with an overall increase in sexual risk.
Exposure to increased numbers of male sex partners or having a recent change of male partner increased the risk of developing BV 1.6-fold in this meta-analysis. Unfortunately, in the absence of a clear etiological agent or agents, it has proven to be difficult to investigate male carriage of BV; however, studies have isolated BV-associated organisms from the male genital tract [55] [56] [57] . Lack of male circumcision has been associated with a number of STIs, including genital ulcer disease [58, 59] and HIV infection [60] . It is, therefore, biologically plausible that, if BV is transmitted by males, the foreskin could facilitate survival of BV organisms and render an uncircumcized male a more efficient or more prolonged transmitter of infection. Importantly, recent data do suggest that male circumcision status may affect female BV infection rates. Cherpes et al. [14] found that female partners of uncircumcized men were more likely to have BV (RR, 1.9; 95% CI, 1.0-3.5), and observational data from Rakai in Uganda similarly suggest that male circumcision may offer protection for women against BV (RR, 0.9; range, 0.8-0.9) [61] . Further support for sexual transmission of BV comes from a treatment trial by Bradshaw et al. [10] , included in this review, that found BV recurrence was 3 times more common among women who remained with their regular sexual partner after treatment and was significantly less likely among women who changed sexual partners. A recent study by Schwebke et al. [21] also found that male sexual contacts of women with BV reported a significantly higher number of female partners than did the male partners of women without BV, indicating that perhaps men with higher numbers of partners are more likely to be exposed to and possibly transmit BV.
A strong and consistent association between BV and a history of female sexual partners was apparent in this meta-analysis; report of a female sexual partner conferred a 2-fold risk of BV infection. In the studies that quantified partners, there was a trend towards increasing risk of BV with a higher number of female sexual partners. Although this finding is in contrast with the epidemiology of bacterial STIs, such as chlamydia and gonorrhea, sexual contact between women has been associated with transmission of human papilloma virus, herpes simplex virus, trichomoniasis, and other STIs [62] [63] [64] [65] [66] . Evidence of femaleto-female transmission of BV emerged in the 1950s, when asymptomatic volunteers were directly inoculated with the vaginal secretions of women with BV, and BV was established in the recipients [67] . It is possible that the exchange of vaginal secretions during sexual contact and a potentially longer duration of infectiousness of BV in woman, compared with in men, confer a higher level of risk of BV for women who have sex with women. Consistent with this, studies of monogamous female couples demonstrate extremely high concordance for BV (73%-95%) [41, 68] . There is a need for female partner treatment trials to assess the effect on BV recurrence, but in the interim, on the basis of the body of published literature, it may be appropriate to offer partner testing and treatment for women with BV who have sex with women.
Consistent use of condoms during intercourse should offer protection against an STI. However, the effectiveness of condoms has been difficult to establish for a number of STIs, particularly viral pathogens, such as herpes simplex virus and human papilloma virus. There are a number of inherent problems in assessing condom use that may systematically reduce the measured protection conferred by condoms in observational studies; these include the highly variable measurement of condom use across studies, incorrect usage, condom breakages, frequent overreporting of condom use, and the amalgamation of condoms with diaphragms in some studies that broadly report protection with "barrier methods." Despite these inherent limitations, reported condom use was found to be protective against prevalent and incident BV in this review (RR, 0.8; 95% CI, 0.8-0.9). Importantly, this is comparable with the protective effect of condom use reported for chlamydia or gonorrhea when the infection status of the partner is unknown (OR, 0.8; 95% CI, 0.7-1.0) [69] . When a sexual partner is known to be infected with an STI, such as chlamydia or gonorrhea, condoms have been shown to confer a greater degree of protection (OR, 0.4; 95% CI, 0.2-1.0) [69, 70] .
A body of epidemiological evidence does not support the hypothesis that BV is sexually transmitted. Five of 6 treatment trials failed to reduce recurrence of BV in women whose male partners were treated [71] [72] [73] [74] [75] [76] . This has been considered to be strong evidence against sexual transmission of BV; however, there were methodological limitations in these trials, including the use of single-dose therapies, no measures of partner adherence, and a high rate of loss to follow-up in some studies. A further complicating factor is that, in the absence of a clear etiological agent or agents, it is possible that we are not currently using effective therapies and, therefore, are not able to demonstrate an effect from partner treatment.
BV was diagnosed in women who did not report a history of vaginal intercourse in 2 studies [53, 77] . Both, however, involved young women who were categorized on the basis of self-report of vaginal sex. Neither study collected information on nonpenetrative genital contact and orogenital or digitalgenital practices. In addition, 1 of the studies found 8 cases of BV among 52 "virginal" adolescents, and although none of the cases were treated, only 1 case of BV persisted at 3 months.
This very high rate of spontaneous clearance could raise concern regarding the validity of BV diagnosed in this study.
A final consideration in addressing possible sexual transmission of BV is whether the association between BV and increased number of sexual partners may arise as a consequence of microbial disruption due to more-frequent sexual activity, rather than representing sexual transmission of a pathogen. This has been considered by a number of investigators, and in our systematic review, 4 of 5 cohort studies, 2 of 2 case-control studies, and 2 of 4 cross-sectional studies found that the number of male sexual partners remained independently associated with BV once the frequency of sexual activity was controlled for by multivariable analysis.
CONCLUSIONS
As the microbiological etiology of BV has not been determined, any progress in establishing how this infection is transmitted is greatly impeded. Until we have this direct evidence, we need to consider the data generated from analyses of observational studies. This review is, to our knowledge, the first to summarize the observational data; it is consistent with the hypothesis that BV is transmitted to a woman by sexual contact with either a man or woman, and it indicates that condom use may prevent transmission. Understanding the contribution of sexual risk factors to the development of BV is integral, not only to improving current management of this condition, but also to reducing the serious sequelae associated with BV, such as preterm delivery, and to developing strategies to reduce HIV transmission in populations in which there is a high prevalence of BV. These findings are of relevance to practicing clinicians in the field and may inform public health policy. Although these data cannot be interpreted as evidence that BV is an STI, the results of this meta-analysis suggest that reducing the number of sexual partners and reducing the number of unprotected sexual exposures decreases the risk of incident and recurrent BV.
